Background and objective: Angiotensin converting enzyme (ACE) gene contains either an insertion (I) allele or a deletion (D) allele forming three potential genotypes: II, ID and DD. The D allele or DD genotype has been reported to be associated with higher plasma ACE level. An assessment of the association between ACE I/D gene polymorphism and idiopathic nephrotic syndrome (INS) susceptibility in children is still controversial. This meta-analysis was performed to evaluate the association between ACE I/D gene polymorphism and the onset of INS. Method: A predefined literature search and selection of eligible relevant studies were performed to collect data from electronic databases, and eligible investigations were synthesized using the meta-analysis method. Results: Nine investigations were identified for the analysis of association between ACE I/D gene polymorphism and INS risk in children, including six in Asians, one study for Caucasians and two for Africans. There was positive association between D allele or DD genotype and INS susceptibility in Asians (OR = 1.75, p = 0.01; OR = 2.01, p = 0.02), but not for Caucasian children and Africans (for Caucasians, D: OR=1.35, p = 0.27, DD: OR = 0.95, p = 0.91; for Africans, D: OR = 1.70, p = 0.56, DD: OR = 1.60, p = 0.73). Furthermore, II homozygous seemed to play a positive role against INS onset for Asians (OR = 0.59, p = 0.02), but the link between II genotype and INS risk was not observed in Caucasian children and Africans (Caucasians: OR = 0.31, p = 0.06; Africans: OR = 0.50, p = 0.59). Conclusions: D allele and DD homozygous might become significant genetic molecular markers for INS susceptibility in Asian children, but the association was not observed in Caucasians or Africans. However, the conclusion from our study cannot be sustained and more investigations on larger sample in different populations are required to further clarify the role of D allele or DD homozygous in the onset of INS in difference races.
Introduction
Nephrotic syndrome (NS) is characterized by substantial loss of protein in the urine (primarily albuminuria), leading to hypoproteinaemia (hypoalbuminaemia) and its result, oedema. 1, 2 Hyperlipidaemia, hypercholesterolaemia and increased lipiduria are usually associated. 1, 2 Although not commonly thought of as part of the syndrome, hyper tension, haematuria, and azotaemia may also occur. 1 NS is usually due to a glomerular disease and is currently cat egorized into primary and secondary forms. 1, 3 Idiopathic nephrotic syndrome (INS) is not associated with any underlying disease. The syndrome manifests with varied clinical and pathologial states. 1 The term 'secondary NS' relates to various clinical diseases affecting the kidneys, such as anaphylactic purpura, systemic lupus erythemato sus, diabetes mellitus, sickle cell disease, syphilis, and others. 1 About 90% of the NS is INS and most of these have a favourable prognosis. 4 However, INS is also the most common renal disease that leads to endstage renal disease in children. Early diagnosis for patient is very import for improving the prognosis in clinic. There was rare measure for the early diagnosis of INS. Some investi gations suggested that genetic factor might play a key role in the onset of INS. [5] [6] [7] Angiotensinconverting enzyme (ACE) is a zinc metal lopeptidase that converts angiotensin I to angiotensin II (Ang II). 8 The ACE gene consists of either an insertion (I) allele or a deletion (D) allele forming three possible geno types: II, ID and DD. 9 As far as we known, the D allele and DD genotype are associated with higher plasma ACE levels and thus increased angiotensin II levels. 10, 11 The increased angiotensin II level plays deleterious effects on renal haemodynamics and increases the expression of some growth factors, which take part in the onset of INS. Fahmy et al. 12 showed that INS was associated with a higher inci dence of DD genotype. AlEisa et al. 13 found that the Dallele frequency in the INS group was much higher when compared with that in the controls. The DD genotype or D allele might be implicated in the aetiology of INS and has been investigated in numerous epidemiological studies. However, the available evidence reported to date is weak, due to the sparseness of data or disagreements among the reported investigations. We hypothesized that the DD geno type or D allele might be associated with the onset of INS. There was not any metaanalysis to explore the association of ACE I/D gene polymorphism with the onset of INS. As far as we know, the conclusion from metaanalysis might be more sustainable than that drawn from a separate investiga tion. This metaanalysis was performed to investigate the relation between ACE I/D gene polymorphism and INS risk, with the intention of providing a much more reliable finding on the significance of the association and to explore whether the ACE DD genotype or D allele could become an early diagnostic indicator to predict the onset of INS in children.
Materials and methods

Search strategy
The relevant studies were searched from the electronic databases of PubMed, Cochrane Library and CBMdisc (China Biological Medicine Database) on 1 September 2010 (nephrotic syndrome OR NS) AND (angiotensin con verting enzyme OR ACE) AND (gene OR polymorphism OR genetic variant) was used in PubMed, and (nephrotic syndrome OR NS) AND (angiotensin converting enzyme OR ACE) was entered into the databases of Cochrane Library and CBMdisc for search. The search in PubMed was limited to humans and the English language. As far as we know, PubMed also indexes some articles published in Chinese, but all the articles published in Chinese were index by CBMdisc. In order to avoid the repetition of included reports, the search in Pubmed did not include the search for Chinese studies. We also extended the search spectrum to the 'related articles' and the bibliographies of all recruited studies. If multiple publications from the same study group occurred, we only recruited the most complete paper for our analysis.
Definition of idiopathic nephrotic syndrome
INS was diagnosed by oedema, hyperlipidaemia, serum albumin below 2.5 g/dl, and urinary protein excretion greater than 40 mg/m 2 /h. Patients did not suffer from any other renal diseases which could induce the NS symptom, such as Henoch-Schonlein purpura nephritis (HSPN).
Inclusion and exclusion criteria
Inclusion criteria. Inclusion critera were: (i) a case-control study; (ii) the outcome had to be INS; (iii) there had to be at least two comparison groups (INS group vs. control group); and (iv) the investigation was performed in children.
Exclusion criteria. Articles were excluded if: (i) they were review articles or editorials; or (ii) they were case reports; or (iii) they did not provide the detail genotype data; or (iv) they investigated the role ACE inhibitor to disease; or (v) they showed an association of ACE genotypes with histopathological changes of kidney which were not related to INS.
Data extraction and synthesis
The following information was extracted from each inves tigation independently by at least two investigators: first author's surname, year of publication, ethnicity of study population, and the number of cases and controls for ACE genotypes. Frequencies of alleles were calculated for case group and control group, from the corresponding genotype distributions. The results were compared and disagree ments were resolved by discussion.
Statistical analysis
Available data was entered into Cochrane Review Manager Version 5 (Cochrane Library, UK) and analysed. The pooled statistic was calculated using the fixed effects model, but a random effects model was performed when the p value of heterogeneity test was less than 0.1. Results were expressed with odds ratios (OR) for dichotomous data, and 95% confidence intervals (CIs) was also counted. A value of p < 0.05 was required for the overall OR to be statistically significant. I 2 was used to test the heterogeneity between the recruited studies. We classified the investigations into stud ies in Caucasians, for Asians and in Africans because geno type frequencies and prevalence of INS were different among ethnic groups. A chisquare test using a webbased program was applied to determine if genotype distribution of the control population reported conformed to Hardy-Weinberg equilibrium (HWE; p < 0.05 was considered sig nificant). All descriptive data were expressed as mean ± SD.
Results
Study characteristics
The search yielded 169 references, 78 in Pubmed, one from Cochrane Library and 90 in CBMdisc. Those studies which did not report the association of ACE I/D gene poly morphism with the risk of NS were excluded from our study: 18 studies for case reports, 24 for editorials/reviews, 17 reports which preliminary results not on ACE I/D gene polymorphism and outcome, 47 studies investigating the role ACE inhibitor to disease, eight investigations studying the association of ACE genotype with histopathological changes of kidney which were not related to INS, 39 studies reporting the association of ACE genotypes with other kid ney diseases, such as IgA nephropathy. Finally, 16 articles reported the association of ACE I/D gene polymorphism with the risk of NS or INS. However, two studies 14, 15 were excluded because the distributions of ACE genotypes were not detailed. One study 16 was performed in patients includ ing secondary NS. Patients in four investigations [17] [18] [19] [20] suf fered from NS but those studies did not mention whether the patients were suffering from INS or NS, and those investigations were excluded from our metaanalysis. Nine studies 12, 13, [21] [22] [23] [24] [25] [26] [27] were identified for the analysis of the asso ciation between ACE I/D gene polymorphism and INS sus ceptibility in our final review ( Figure 1 ) and all the studies were performed in children. In those nine reports, three 21,26,27 presented the diagnostic criteria for INS in their studies, which was consistent with the definition of INS in our study, and other six reports only mentioned that the patients recruited into their studies were suffering from INS but did not show the definition of INS in their reports. Six studies 13, [21] [22] [23] [24] 27 were conducted in Asians, one investigation 25 was performed in Caucasian children and two studies 12, 26 were conducted in Africans. Eight studies were published in English and one investigation 21 was published in Chinese. The data of our interest was extracted and frequency of D allele was calculated ( Table 1) . These nine studies contained 798 case series and 1076 controls. The average distribution frequency of D allele in Asian patients with INS was 67.94%, and the average frequency in controls was 53.49%. Furthermore, the average distribution of D allele frequency in Caucasians was 59.38% in cases and it was 52.01% for controls. In Africans, the average gene fre quency for D allele was 55.05% in INS group or 42.00% in control group (Table 1) 
Association of the ACE I/D gene polymorphism with risk of idiopathic nephrotic syndrome
In this metaanalysis, a significant association between DD homozygous or D allele and the risk of INS was observed in overall populations ( Table 2 ). The random effects OR estimated for the INS susceptibility was 1.56 in D allele patients when compared with patients carrying I allele (95% CI: 1.04-2.36; Table 2) , with evidence of between study heterogeneity (p < 0.00001; Table 2 ). Furthermore, the random effects OR estimated for the risk of developing INS was 1.74 in DD homozygous patients when compared with both other genes combined (95% CI: 1.04-2.90; Table 2 ), because the pvalue of heterogeneity test was 0.0001. Interestingly, we also documented that there was a significant association between II genotype and the risk of INS relative to both other genotypes combined (OR = 0.56, 95% CI: 0.35-0.89, p = 0.01; Table 2 ).
True racespecific genetic effects might affect the results of our analysis for the association of ACE I/D gene poly morphism with INS susceptibility. In order to evaluate the racespecific effect, we divided the population by ethnicity. In Asians, we found that the association of D allele or DD homozygous with INS risk was positively significant (p = 0.01 and p = 0.02, respectively) ( Figures 2 and 3 ). Furthermore, the II homozygous seemed to play a protec tive role against INS risk in Asians (OR = 0.59, 95% CI: 0.37-0.93; p = 0.02) ( Figure 4 ). For Caucasian children, there was no a significant association between D allele or DD homozygous and INS susceptibility (p = 0.27 and p = 0.91, respectively; Table 2 ), and the II genotype seemed not to play a protective role against the INS onset (OR = 0.31, 95% CI: 0.09-1.06; p = 0.06; Table 2 ). Furthermore, we also found that there was not any association between ACE I/D gene polymorphism and the onset of INS for Africans (D: OR = 1.70, p = 0.56; DD: OR = 1.60, p = 0.73; II: OR = 0.50, p = 0.59; Table 2 ).
Sensitivity analysis
The gene distribution of control group in the included study was not in HWE, which might be an important reason to cause heterogeneity. In this metaanalysis, sensitivity anal ysis was performed. The genotype distribution of the con trol populations in four studies, three 21, 22, 27 in Asians and one 26 for Africans, did not conform to HWE and those investigations were excluded from our sensitivity analysis. Finally, five studies were recruited into our analysis, three 13, 23, 24 in Asians, one 25 for Caucasian children and one 12 in Africans. We found that the results in our sensitivity analysis were inconsistent with those in Table 2 , besides II gene for overall populations and all the results for Caucasian children ( Table 3 ). The results in our nonsensitivity analy sis ( Table 2 ) might be less powerful. In our study, not all included studies strictly stated their INS definition for participant recruitment. This was another source of heterogeneity and we conducted a sensitivity analysis according to whether the included study strictly stated their INS definition for participant recruitment. In those nine reports, three 21, 26, 27 presented the diagnostic cri teria for INS in their studies, which was consistent with the definition of INS in our study. Another six reports only mentioned that the patients recruited into their studies were suffering from INS but did not show the definition of INS in their reports, and were excluded from this sensitivity analysis. There were two studies 21, 27 in Asians and one investigation 26 for Africans, but no study for Caucasians. We found that the results (Table 3) were consistent with those in nonsensitivity analysis (Table 2) for Asians and Africans, but the results for overall populations (Table 3) were inconsistent with those in nonsensitivity analysis (Table 2 ). However, the number of included studies for this sensitivity analysis was small (only two for Asians and one for Africans). The results in this sensitivity analysis were less powerful. 
Discussion
There is welldocumented evidence suggesting that the renin-angiotensin aldosterone system (RAAS) takes part in the pathogenesis of some renal diseases. [28] [29] [30] The level of plasma ACE, constitutively expressed in several types of somatic cells, is linked to an I/D polymorphism of 287 bp in intron 16 of the ACE gene. 31, 32 The D allele and DD genotype have been reported to be associated with higher plasma ACE levels. 33, 34 ACE is a key enzyme of RAAS which can convert inactive angiotensin I into a vasoactive and aldosteronestimulating peptide angiotensin II. 35, 36 The elevated expression of ACE protein might be responsible for the elevation of plasma angiotensin II level. 37 The increased angiotensin II level makes deleterious actions on renal haemodynamics and induces the protein expression of some growth factors. 38, 39 Genetic factors, such as ACE I/D gene polymorphism, have been suggested to be important in determining the onset of INS. 27 Findings on the associa tion of ACE I/D gene polymorphism with INS susceptibil ity have been controversial since the first investigation was reported. In order to draw a more convincing conclusion, this metaanalysis was performed to explore the association between ACE I/D gene polymorphism and INS susceptibil ity and tried to explore whether or not D allele or DD homozygous could become a significant genetic molecular marker for INS susceptibility. In this investigation, nine studies performed in INS patients were recruited for analysis, six studies for Asians, one investigation in Caucasian children and two for Africans. In our study, we found that the results from over all populations were similar with those in Asians. Most of the included studies for our metaanalysis were from Asian population and the overall pooled results might be mainly contributed by Asians. The geographic and race difference is an important factor to effect the association of gene poly morphism with the susceptibility of renal disease. The results from overall populations might be instable. We con ducted the subgroup analysis according to different races.
In Asians, AlEisa et al. 13 found that the frequency of the D allele in an INS group was higher when compared with that in healthy children from Kuwaiti Arab. Tsai et al. 24 per formed an investigation in children from Taiwan and reported that the difference of D allele distribution between the INS patient group and the control group was statisti cally significant. Serdaroglu et al. 22 investigated the distri bution of ACE I/D gene polymorphism in children coming from Turkey and found that the distribution of D allele in the patient group was significantly different from that in the control groups. Tabel et al. 27 reported that the frequency of the D allele in Turkish children with INS was much higher than that in the healthy controls. However, Wan et al. 21 con ducted a study in Chinese children and found that the distri bution of ACE I/D gene polymorphism in the patient group was not different from that in the control group. Most of the investigations, conducted in Asian countries, found that D allele or DD genotype was associated with the susceptibil ity of INS and the results were similar to ours. In our study, we found that D allele or DD genotype was a risk factor to INS (D: OR = 1.75, p = 0.01; DD: OR = 2.01, p = 0.02). In our sensitive analysis according to whether the genotype distribution of the control population in the included study was conformed to HWE, we observed that the distribution frequency of D allele or DD homozygous was a signifi cantly favourable to the INS group (D: OR = 2.33, DD: OR = 4.11, respectively), although the difference was not statistically significant (D: p = 0.17, DD: p = 0.15, respec tively). When we conducted a sensitive analysis according to according to whether the included study strictly stated their INS definition for participant recruitment, we found that D allele and DD genotype were associated with the risk of INS. Many studies found that D allele or DD genotype was associated with the onset of some diseases in Asian population. [40] [41] [42] [43] [44] [45] We speculated that D allele or DD genotype might be a risk factor leading INS in Asian children.
In Caucasian participants, an investigation on the asso ciation between ACE I/D gene polymorphism and the onset of INS was also performed. Sasse et al. 25 found that the distributions of ACE genotypes in Swiss children with INS were not significantly different from those in the normal Swiss population. Our metaanalysis only included this investigation for the analysis in Caucasians. So, the results in our study (including sensitive analysis) were the same as those in Sasse et al. Because the number of included inves tigation was small (only one article), it was difficult to draw a stable conclusion. However, in recent years, some researchers have found that ACE I/D gene polymorphism is associated with some diseases in Caucasian population. [46] [47] [48] [49] It is necessary to pay more attention to investigating the relation between ACE I/D gene polymorphism and INS susceptibility in Caucasian children in the future.
In Africans, Fahmy et al. 12 investigated the difference of ACE I/D gene distribution between Egyptian children with INS and normal controls and found that INS susceptibility was associated with a higher percentage of DD genotype. However, SaberAyad et al. 26 reported that the difference of ACE I/D gene distribution between controls and the Egyptian INS patients was not statistically significant. Our pooled results from those two studies mentioned above showed that D allele or DD homozygous was not associated with the onset of INS in African children. It was consistent with that in SaberAyad et al., but was not consistent with that of Fahmy et al. In our sensitivity analysis, we only included the study from Fahmy et al. and the results were the same as theirs. D allele or DD genotype was a risk fac tor to induce the onset of INS in African children. The gene distribution of ACE in Fahmy et al. was in equilibrium to HWE, and the result coming from Fahmy et al. might be more convincing. When we performed a sensitive analysis according to whether the included study strictly stated their INS definition for participant recruitment, we found that D allele and DD genotype were not associated with the risk of INS. D allele and DD genotype might not be associated with the INS risk in Africans. However, the frequency of D allele in African children with INS was much higher than that in controls (1.31fold). The increased D allele fre quency in African children was more notable when com pared with that in Asians or Caucasians. Some studies found gene polymorphisms might be associated with the onset of some renal diseases. [50] [51] [52] Whether ACE I/D gene polymorphism is associated with the INS susceptibility, more investigations paying attention to this association are needed in the future.
People with II genotype can show a lower level of ACE level when compared with those suffering from the DD homozygous. The II genotype might play a protective role against the onset of INS. In our study, we found that the II genotype played a protective role in overall populations and Asians, but this association was not found in Caucasian children and Africans. In the sensitivity analysis according to whether genotype distribution of the control population in the included study was conformed to HWE, the gene fre quency of II homozygous was a significantly favourable to the control group in Asians (OR = 0.66), although the dif ference was not statistically significant (D: p = 0.51). Furthermore, in the sensitivity analysis for Asians accord ing to whether the included study strictly stated their INS definition for participant recruitment, we found that the II genotype might play a protective role against INS risk. In conclusion, II homozygous might play a protective role against INS onset in Asians but the result was not stable. Furthermore, we found that the II genotype could reduce the onset of INS in Africans in the sensitive analysis accord ing to whether genotype distribution of the control popula tion in the included study was conformed to HWE, and the result for Africans was not consistent with that in the non sensitive analysis and that in the sensitive analysis accord ing to whether the included study strictly stated their INS definition for participant recruitment. The result from Africans was not stable. There was only one included study for our metaanalysis and for sensitive analysis in Caucasian children, so the result that II genotype was not play a pro tective role against INS risk was less powerful. In the sensi tive analysis according to whether genotype distribution of the control population in the included study was conformed to HWE for overall populations, the result was consistent with that in nonsensitive analysis. But in the sensitive analysis according to whether the included study strictly stated their INS definition for participant recruitment for overall populations, the result was inconsistent with that in nonsensitive analysis. Racespecific might affect the result in our analysis and the result for II genotype from overall populations might be less powerful. More investigations in different races should be conducted to investigate this association.
In our investigation, we found that DD genotype or D allele was associated with INS susceptibility in Asians, but not for Caucasian children and Africans. We speculated that ACE DD homozygous or D allele might affect more sensi tively for INS susceptibility in Asians than in Caucasians and Africans. Furthermore, II genotype seemed to play a positive role against the onset of INS for Asians; however, the link for Caucasian children and Africans was not found. These findings should be regarded cautiously because many other ingredients, such as heterogeneity of included cases, limited statistical power and variable study designs, were closely related to affect the results. Furthermore, whether ACE I/D gene polymorphism is just linked with other discrete loci involved in the occurrence of INS is not clear at the moment.
Limitations
Some limitations should be discussed in this metaanalysis. First, heterogeneities may be present, affecting the results of our metaanalysis, although a random effects model has been performed. Second, an important threat to any litera turebased review and metaanalysis is that of reporting bias (only recruit published literatures in English and Chinese). Last but not least, the sample sizes in some studies are relatively small. Undoubtedly, the limitations mentioned above might affect our final conclusions.
Conclusions
In conclusion, the results in our study supported that DD homozygous or D allele was associated with INS suscep tibility for Asians, and DD genotype or D allele might become a valuable indicator to predict the onset of INS in Asian children, but not for Caucasians and African chil dren. The results for Asians were slightly stable when com pared with those in Caucasian children and for Africans. Furthermore, II genotype seemed to play a positive role against INS onset for Asians, but not for Caucasians and African children. However, the conclusion from this meta analysis fails in persuasiveness and more case-control association investigations on larger sample in different populations are required to further clarify the association of DD genotype or D allele with the onset of INS in differ ence races.
